A new type of cluster internal wave function has been proposed. This wave function can produce improved result, especially for the cluster binding energy. As a second application, we have considered the d+ 3 He and p+ 4 He elastic scatterings and the 3 He(d, p) 4 He reaction based on the coupled-channel RGM with this type of wave function. The agreement between the calculated results and the experimental data is quite satisfactory.
The resonating group method (RGM) is a well-established microscopic theory that has been extensively applied to few-body systems. 1) - 4) In the five-nucleon case, there have already been a number of theoretical studies. 5) - 7) For example, in Ref. 5) , the d+ 3 H and d+ 3 He elastic scatterings are treated using the one-channel RGM with a phenomenological imaginary potential. In Ref. 6 ), the d+ 3 He and p+ 4 He elastic scatterings and the 3 He(d, p) 4 He reaction are studied using the coupled-channel RGM and a phenomenological imaginary potential. In these investigations, the 3 H, 3 He and 4 He cluster wave functions are given in terms of single-range Gaussian functions. The effective nucleon-nucleon potential used there is purely central and has no soft repulsive component; that is, it is an old type MN potential. In Ref. 7), the 3 He(d, p) 4 He reaction is examined, together with the d+ 3 He and p+ 4 He elastic scatterings. In that investigation, the effective nucleon-nucleon potential used possesses not only central but also non-central components.
Recently, we proposed a new type of cluster internal wave function for the A = 3 and 4 clusters. It is a combination of correlated Gaussian functions, given as 8) 
where r i denotes the spatial coordinates of the i-th nucleon. The nonlinear coefficients a (k) ij are specified by the choice of n nonlinear variational parameters. The corresponding wave function is referred to as the "nG" wave function. The quantity m indicates the number of configurations and is given by n A(A−1)/2 ; i.e., m = n 3 for the A = 3 cluster and m = n 6 for the A = 4 cluster.
To 3 He cluster wave function, 3G is used instead of 4G, because the results calculated using 3G and 4G are nearly identical, while the computational time is substantially shorter for 3G. As seen in Tables I and II As a first application, we calculated the p+ 3 He and p+ 4 He elastic scatterings and obtained very nice results. 10) Thus, as a second application, we now consider the d+ 3 He and p+ 4 He elastic scatterings and the 3 He(d, p) 4 He reaction based on the coupled-channel RGM with this type of wave function. This study is a straightforward extension of those reported in Refs. 6) and 7). Therefore, for detailed explanations of the formulation, we refer the reader to these references. For the nucleon-nucleon potential, the MN potential is again adopted. This potential contains nuclear-central, 9) spin-orbit 11) and Coulomb components. For the range parameter λ and the strength parameter V λ in the spin-orbit potential, we use the values V λ = 591.1 MeV and λ = 3.0 fm −2 , which correspond to the shortest range interaction in Ref. 11).
The relative wave functions for the five-nucleon system are assumed to be twochannel (d+ 3 He and p+ 4 He) in the S = Table I , where we have listed the phase shifts ( = 0 to 2) as functions of the incident energy E d (in MeV). From this table, it is seen that the d+ 3 He (S = 1 2 ) two-channel phase shifts differ significantly from the onechannel phase shifts. Futhermore, it is not clear why these phase shifts have odd-even behavior. However, the p+ 4 He two-channel phase shifts are almost the same as the one-channel phase shifts (within two degrees). This is probably due to the fact that the 4 He cluster is strongly bound and has a low compressibility. First, in Fig. 1 , we plot the calculated results for d+ 3 He elastic scattering and the 3 He(d, p) 4 He reaction. In this calculation, the deuteron cluster is described by the 4G wave function of Ref. 12) and the exchange-mixture parameter u of the nuclearcentral part is taken to be 1.03. The value of u is chosen to yield an overall good fit, while the optimal u values are u = 1.1 for d+ 3 He scattering and u = 0.97 for p+ 4 He scattering. The solid and dashed curves represent the calculated results with and without the spin-orbit interaction, respectively. Comparing Fig. 1 with Figs. 9 and 11 of Ref. 6), we find that the present results have been improved by using the new type of cluster internal wave function. Although the spin-orbit interaction significantly affects the 3 He(d, p) 4 He reaction cross section, its contribution to the d+ 3 He elastic scattering cross section is very small. It is also found that the agreement between the calculated and experimental results is better at lower energies for d+ 3 He elastic scattering but at higher energies for the 3 He(d, p) 4 He reaction.
Next, in Fig. 2 , we present the calculated results for p+ 4 He elastic scattering, where the solid and dashed curves represent the same quantities as in Fig. 1 . For p+ 4 He elastic scattering, we find a only slight improvement, because in this case the previous calculations themselves gave very good results. In this case, the contribution of the spin-orbit interaction to the differential cross section is fairly large. From these figures, it is found that the agreement between calculated and experimental results is quite satisfactory.
In summary, we have obtained results that are superior to those obtained pre- viously in elastic scattering and reaction calculations for a the five-nucleon system with improved cluster wave functions. At present, we are planning to proceed further by including deuteron breakup effects. The reason for this extension is obvious. Specifically, the deuteron is a lightly-bound cluster, and therefore, its breakup, which can be accounted for by employing the pseudo-state method, must be properly taken into consideration.
